INTRODUCTION
Many investigations have been attempted to exploit bioactive compounds from natural resources for weed management options in several agriculture settings to reduce commercial herbicide dependency (Weston, 1996; Narwal, 1999; Duke et al., 2000) . Natural compounds are considered to be more environmentally benign than most synthetic herbicides (Duke et al., 2000; Cantrell et al., 2012) . Some plant residues incorporated into soil provided excellent weed control ability due to the allelopathic activity of the residues (Weston, 1996; Semidey, 1999; CaamalMaldonado et al., 2001 ). An interest in organic agriculture for crop production also increased throughout the world because organic crops are thought of beneficial to human health (Johansson et al., 2014 ).
Nomura's jellyfish (Nemopilema nomurai Kishinoue) is one of the largest jellyfish species and found in the East China Sea, Yellow Sea and Japan Sea. Large blooms of the jellyfish have recently observed in the Japan Sea and caused serious damage to fisheries and their related industries (Uye, 2011; Kim et al., 2012; Toyokawa et al., 2012; Randriarilala et al., 2014) . The damage was estimated about 30 billion Japanese yen during April 2005 to March 2006 (Uye, 2011) . It seems, therefore, worthwhile to develop beneficial uses for the jellyfish. Hossain et al. (2013) reported that the application of desalted-dried Nomura's jellyfish increased rice production and reduced weed emergence when rice (Oryza sativa, cv. Koshihikari) was grown in Wagner pots and plastic tubes. The increased rice production may be caused by high nitrogen contents of the jellyfish and the decreased weed emergence may be caused by inhibitory effects of the jellyfish. Therefore, the jellyfish may have the potential as a soil additive material to reduced chemical fertilizers and herbicides. It is necessary, however, to confirm the effectiveness of the jellyfish on the weed control potential in some other conditions. In the present research, the weed control potential of the jellyfish was determined in a laboratory and in a field during rice cultivation.
MATERIALS AND METHODS

Bioassay under a laboratory condition
Desalted-dried Nomura's jellyfish, processed by Marutomo Co. (Iyo, Ehime, Japan), was cut into small pieces and soaked in 70% aqueous methanol for 24 h, and filtered with filter paper (No. 2; Toyo, Tokyo, Japan). An aliquot of the extract was evaporated to dryness, dissolved in 0.2 mL of methanol (final concentration in bioassay solution was 0.01, 0.03, 0.1, 0.3, 1 or 3 g dry weight of jellyfish equivalent extract mL 1 ) and added to a sheet of filter paper (No. 2) in a 3-cm Petri dish. The methanol was evaporated in a fume hood. Then, the filter paper in the Petri dishes was moistened with 0.8 mL of a 0.05% (v/v) aqueous solution of polyoxyethylene sorbitan monolaurate (Tween 20). Ten seedlings of timothy (Phleum pratense L.), ryegrass (Lolium multiflorum Lam.) or barnyardgrass Echinochloa crus-galli (L.) Beauv.) were placed into those Petri dishes after germination in darkness at 25°C for 36 h. Controls were treated exactly as described above, with the exception that 0.2 mL methanol was used instead of the extract. The length of roots and shoots of these seedlings was measured after 48 h of incubation in darkness at 25°C, and the percentage length of the seedlings was determined by Vol. 53, No. 3 (2015) Weed Inhibitory Activity of Nomura's Jellyfish Large blooms of Nomura's jellyfish (Nemopilema nomurai Kishinoue) have recently observed in the Japan Sea, and caused serious damage to fisheries. It may be worthwhile to develop beneficial uses the jellyfish. We investigated the growth inhibitory activity of the jellyfish on the growth and emergence of weeds under laboratory and field conditions. Aqueous methanol extracts of the jellyfish inhibited the seedling growth of timothy (Phleum pratense L.), ryegrass (Lolium multiflorum Lam.) and barnyardgrass (Echinochloa crus-galli (L.) Beauv.) in the concentration dependent manner under a laboratory condition. Dried jellyfish incorporated into paddy field also inhibited weed emergence during rice (Oryza sativa cv. Hinohikari) cultivation. Therefore, the jellyfish may potentially be useful as soil additive materials to control weeds in the sustainable agriculture.
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Bioassay under a field condition
Three-leaf-stage of rice (Oryza sativa, cv. Hinohikari) was transplanted (0.2 0.3 m spacing, 16.7 plants m 2 ) into experimental plots (7.5 m 2 ) in paddy field in the Faculty of Agriculture, Ehime University, Japan on July 14, 2011. Just before the rice transplantation, desalted-dried Nomura's jellyfish (70 g dry weight m
2 ) and nitrogen (8 g m 2 ) was incorporated in paddy soil. Control treatment was applied only nitrogen. The number of weeds in the paddy was determined on August 29, 2011. Treatment was replicated two times using a randomized design. Significant differences between treatments were examined by Fisher's LSD.
RESULTS AND DISCUSSION
Length of roots and shoots of all test plant species was reduced by aqueous methanol extracts of Nomura's jellyfish significantly at concentrations greater than 0.03 g dry weight equivalent extract of jellyfish per mL at 0.05 level (Fig. 1) . Increasing the extract concentration resulted in an increase in the growth inhibition. The extract obtained from 0.3 g dry weight of jellyfish inhibited the root growth of timothy, ryegrass and barnyard grass by 40.8, 27.5 and 20.9% of control root growth, respectively, and inhibited the shoot growth of timothy, ryegrass and barnyardgrass by 51.4, 54.2 and 35.7% of control shoot growth, respectively.
The concentrations required for 50% growth inhibition (I50) of the extracts on timothy roots and shoots, as determined by a logistic regression analysis based on the concentration response bioassay (Fig. 1) , were 0.19 and 0.36 g dry weight equivalent extract of jellyfish, respectively. I50 values on ryegrass roots and shoots were 0.09 and 0.44 g dry weight equivalent extract of jellyfish, respectively, and I50 values on barnyardgrass roots and shoots were 0.07 and 0.19 g dry weight equivalent extract of jellyfish, respectively. Comparing I50 values, the effectiveness of the extracts was greatest on the barnyardgrass. These results suggest that jellyfish may have inhibitory effects against those plant species under the laboratory condition. Further studies are required to identify the growth inhibitory substances in the jellyfish.
Weed species, Ammannia multiflora Roxb., Lindernia procumbens (Krock.) Borbás, Cyperus difformis L., Scirpus hotarui Ohwi, Monochoria vaginalis var. Plantaginea (Burm. f.) Kunth, Dopatrium junceum (Roxb.) Buch.-Hamil. ex Benth. occurred in the paddy fields during rice cultivation (Fig. 2) . A. multiflora was the most aboundant, and followed by L. procumbens, C. difformis, S. hotarui, M. vaginalis and D. Junceum. Jellyfish inhibited the emergence of A. Multiflora, L. procumbens, C. difformis, M. vaginalis and D. Junceum by 64.5, 38.1, 25.8, 0 and 0% of control emergence, respectively. The emergence of S. Hotarui was not affected by the jellyfish. In total, jellyfish suppressed the weeds by 50% of whole weed number in the field. Jellyfish powder did not inhibit growth of rice plants .
Agricultural weed control alternatives to the present synthetic herbicide-dominated programs are now being Environ. Control Biol. Control root lengths of timothy, ryegrass and barnyardgrass were 4.6 1.5, 17.5 0.9 and 11.4 1.2 mm, respectively. Control shoot lengths of timothy, ryegrass and barnyardgrass were 4.1 0.7, 7.8 0.6 and 13.7 1.1 mm, respectively. Means SE from 3 independent experiments with 10 seedlings for each determination are shown. given wide consideration. Overuse of synthetic herbicides to control weeds lead to an increased risk of herbicide resistant weed biotypes. Controlling weeds through natural materials is one strategy to reduce dependency on synthetic herbicides (Belz, 2007; Macías et al., 2007; Tesio and Ferrero, 2010) . It is possible that Nomura's jellyfish could be useful for a weed suppressive residue or soil additive materials in the variety of agricultural settings to reduce dependency on synthetic herbicides. In addition, the jellyfish has been reported to have a great potential to enhance crop productivity as a fertilizer Ochi et al., 2013) .
